Figure S-1 Photomicrograph images of double cut and polished cubic, coated and cloudy diamonds from the Nyurbinskaya kimberlite. Cubic diamonds have a high density of fluid inclusions often rendering then completely opaque. The cloudy diamonds have internal areas rich in fluid inclusions whilst the majority of the fluid inclusions are within the fibrous coats of the coated diamonds. Note that diamond NBCT-12 was only analysed for nitrogen using FTIR and not for halogens and noble gases.
Diamond FTIR and Nitrogen Aggregation
Infrared absorption spectra were obtained for 29 diamonds using a Fourier transform infrared spectrometer (Spectrum 2000; Perkin Elmer Inc.) equipped with an IR microscope at Geochemical Research Center, The University of Tokyo. Samples were first mounted in indium and then analysed using a combination of a Globar light source, liquid nitrogen cooled MCT detector, and KBr beam splitter operating at a spectral resolution of 4 cm -1 . Spectral deconvolution was performed using the Diamap freeware (Howell et al., 2012) . Seven H2O-rich samples ( Fig. S-2 ) were then chosen for halogen and noble gas analysis.
Nitrogen is the most common impurity in natural diamonds. It is a relatively mobile element within the diamond lattice at mantle pressure and temperatures and as a result nitrogen defects in diamonds can evolve through time, which can be determined by FTIR. Nitrogen defects begin as single nitrogen atoms (C centres, Type Ib), which then evolves to pairs of nitrogen atoms (A centres, Type IaA), and finally to 4 nitrogen atoms tetrahedrally arranged about a vacancy (B centres, Type IaB). This evolution of N defect distribution through time is referred to as nitrogen aggregation (Evans and Qi, 1982) . The evolution from C to A centre aggregation occurs rapidly (<1 Ma), while the evolution from A to B centres occurs much more slowly (over Ga). A to B centre aggregation follows a second-order kinetics law (Chrenko et al., 1977) , indicating it can be used to estimate either the mantle residence time of the diamond, or the average temperature at which it resided (assuming the other is known). Coated diamond NBCT-11 and one cubic diamond (NBCB-4) do not fit along the same correlation line, suggesting that the halogens and N within the these diamonds may be related to another source, in agreement with the potentially higher mantle residence times (Fig. 4 , main text). No evidence of correlation between N and noble gas concentrations exists suggesting that N and halogens may be more closely related to the trapped fluid inclusions, than the noble gases. All uncertainties are shown to 1σ. This correlation could be explained by nitrogen being present in the fluid as ammonic nitrogen, and so could form salt complexes with halogens, and therefore follow similar geochemical pathways. This inference is consistent with the predicted speciation of aqueous nitrogen at 5 GPa and up to 1000 °C in equilibrium with peridotitic and/or metasedimentary (eclogitic) mineral phases (Mikhail et al., 2017) .
Noble Gas Analysis
Noble gases were first extracted from the diamonds via crushing. Individual diamonds were placed into a stainless steel crushing chamber, a steel ram attached to a bellows was then placed on top and the whole crusher was baked at 200 °C overnight under vacuum. The diamonds were then fractured by applying a hydraulic pressure (up to 70 MPa) to the steel ram using an external hydraulic hand pump. Extracted gases were purified by a series of Ti-Zr getters and then separated according to mass using a cryogenically cooled trap containing sintered-stainless steel. Helium, neon and argon were then released individually into the modified VG5400 mass spectrometer at the University of Tokyo for analysis following the procedure described in Sumino et al. (2001) .
Roughly half of the crushed diamond chips were then analysed for He and Ne by bulk heating at the noble gas laboratory at CRPG, Nancy (France), using the Thermo Fischer Helix MC Plus. Samples weighing ~1-6 mg were loaded in an infrared laser chamber. The samples were pumped under high vacuum and baked at 110°C overnight to release any adsorbed atmospheric gases. Prior to analysis, blanks were measured to ensure the background of noble gases was low. Average blank values were 1.4 x 10 -17 cm 3 STP 4 He and 1.5 x 10 -15 cm 3 STP 20 Ne. The sensitivity and mass discrimination of the mass spectrometer was calibrated by the analysis of daily standards consisting of an atmospheric Ne standard and the HESJ standard for He, with has a 3 He/ 4 He ratio of 20.63 ± 0.10 RA, where RA is the ratio of atmosphere (Matsuda et al., 2002) .
Gases were extracted from the diamonds using a CO2 infrared (λ = 10.3 μm) laser for 5 minutes or until the diamonds were visibly graphitised. Noble gases were then first passed through an in-line Ti-sponge getter heated at 600 °C and purified with two Ti-sponge getters at 550 °C for 5 min. Argon was separated from He and Ne using a charcoal cold finger held at N2 liquid temperature for 10 minutes and wasn't analysed in this study. Helium and neon were trapped using a cryogenic trap at 15K for 15 min. Helium was released at 34 K before being admitted to and analysed on the mass spectrometer. Neon was subsequently released at 110K and purified with a further two Ti-sponge getters, one at 550 °C and the other at the room temperature (~ 20 °C), for 10 minutes before analysis. The mass resolution of the MC Plus (~ 1800) enables the discrimination of the 20 Ne peak from 40 Ar ++ . Neon isotopes ratios were corrected for interference from CO2 ++ with 22 Ne.
Differences between crushing and laser noble gas extraction
The maximum 40 Ar/ 36 Ar released from the cloudy and coated diamonds during crushing (461 ± 24) are closer to the atmospheric value of 298.6 (Lee et al., 2006) , compared to cubic diamonds showing an average 40 Ar/ 36 Ar =1479 (Table S-2). The higher proportion of microinclusions in the cubic diamonds resulted in higher quantities of trapped noble gases released during crushing. The 40 Ar/ 36 Ar values of Ar released by laser heating of coated and cloudy diamonds (halogen analysis) are consistently higher (>1000) than the crushing release, whilst the cubic diamonds show little variation between crushing and heating. The difference in noble gas composition is considered to reflect the much higher abundance of microinclusions in cubic diamond coats and potential release from the clear diamond sections of the cloudy and cubic diamonds during laser heating.
Concentrations of He are significantly lower during laser extraction compared to crushing, whilst Ne concentrations are similar during both extraction methods. Helium therefore appears to be more concentrated within the fluid inclusions relative to the diamond matrix. During graphitisation the majority of noble gases in the remaining fluid inclusion and the diamond matrix should be released. The low He and Ne concentrations during laser extraction suggest that the noble gas extraction was not completely efficient, possibly because of the build-up graphite on the sample surface impeding further release from deeper within the diamond. Despite the differences in He and Ne concentrations between the crushing and laser extraction the isotopic ratios are similar between the different extraction methods indicating the same volatile component is present in both the fluid and matrix phase of the diamonds. Ne for Nyurbinskaya diamonds. The diamonds show a relationship between He and Ne and trend from air towards the value of the Siberian flood basalts (Basu et al., 1995) . There is potentially a third component present from the SCLM (having lower 3 He/ 4 He composition) that causes the mixing line to be shallower (R = 5) than generally expected for mixing between air and mantle alone (R = 100). Data for Udachnaya xenoliths are shown for reference indicating they contain a greater proportion of radiogenic 4 He from the SCLM relative to the Nyurbinskaya diamonds (Sumino et al., 2006) . Reference data for SCLM, MORB and OIB are from Gautheron and Moreira (2002) ; Graham (2002) and Stuart et al. (2003) , respectively.
Halogen Analysis
The other half of the crushed diamond chips were analysed for their halogen abundance using Neutron-Irradiated Noble Gas Mass Spectrometry (NI-NGMS) at the University of Manchester following the methods outlined in Ruzié-Hamilton et al. (2016) . Samples were weighed, wrapped in Al foil and vacuum encapsulated in a silica tube. Irradiation was carried out at for 24 hrs at the Safari-1 reactor, Pelindaba, South Africa (irradiation designated MN2017a). Noble gas proxy isotopes ( 38 ArCl, 80 KrBr, 128 XeI and 39 ArK) formed during irradiation were measured on a Thermo Fisher Scientific ARGUS VI mass spectrometer. Prior to analysis, samples were baked at 150°C overnight to remove surficial adsorbed noble gases either from atmospheric contamination or from halogen producing noble gases during irradiation. Noble gases were released from the samples using a 10.6 μm wavelength CO2 laser. Halogens abundances were then calculated using well-defined conversion standards with known halogen concentrations (Hb3gr, scapolite and Shallowater meteorite), which monitor the efficiency of noble gas production through thermal and epithermal neutron reactions (Kendrick, 2012; Ruzié-Hamilton et al., 2016) . 
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